Summary. The clinical and necropsy findings are described in nine cases of superficial siderosis of the central nervous system. Four of these had undergone cerebral hemispherectomy in childhood. All four showed multiple haemorrhagic spots in the cavity membrane and the walls of the remaining lateral ventricle. Of the other cases, two had repeated ruptures of cerebral aneurysms; one showed a destructive lesion of the cerebellar vermis; one, a hydrocephalic child, showed evidence of repeated haemorrhage in the area of a malformed aqueduct; and the last, a baby, had bilateral subdural haematomata.
Introduction
Superficial siderosis of the central nervous system consists in the intra-and extracellu]ar deposition of haemosiderin in the leptomeninges, in the subpial tissue of the brain and spinal cord, in the lining of the ventricular system and in the epithelium of the ehoroid plexus. The condition is regarded as rare, and we know of only 27 case reports 1.
Since the demonstration by IWA~OWSKI and OLSZ~WSKI (1960) that a closely similar condition can be produced in experimental animals by repeated subarachnoid injections of blood or of iron-containing fluids, it has been generally supposed that the naturally occurring condition is due to repeated haemorrhages into the cerebrospinal fluid pathways. Alternative theories will be considered in the discussion.
The present paper describes the pathological findings in 9 cases of superficial siderosis of the C.N.S. The first four were young people who had undergone cerebral hemispherectomy for infantile hemiplegia with epilepsy. The clinical and gross pathological findings in three of these cases have already been published (OeP~NnEIMER and GRIFFITH, 1966) and will be given here in summary form. The fifth and sixth were adults with repeated haemorrhages from cerebral aneurysms. The seventh was a middle-aged tabetic, the eighth a child with hydrocephalus due to aqueduct stenosis, and the ninth a baby with bilateral subdural haematomata. Table I , and the gross pathological findings in Table 2 . With regard to their superficial siderosis, they resembled each other very closely. Their histology will be described below, along with that of case 4.
Case 4, G.L. (A. 1457 ). Age at death, "25 years.
Clinical. Early history already published (FALcO~]~R and RVS~WORT~, 1959, Case 4). Sturge-Weber disease. Epilepsy, mental defect and right hemiplegia from infancy. Aged 16, left hemispherectomy, l~its ceased, behaviour improved. Trouble~free period of 8 years. Age 24: gradual onset of unsteadiness, weakness of legs, pain in back of head, and episodic vomiting and drowsiness. Age 25: unable to stand, and incontinent of urine, but still able to converse and cooperate. Hearing not impaired. Lumbar fluid yellow and viscid, containing 1800 erythrocytes and 66 leucocytes (mostly lymphocytes) per cu. mm, protein 240 mg per 10O ml, bilirubin 6 rag. per I00 ml. Air pictures: blockage of aqueduct, grossly dilated right lateral ventricle. Craniotomy reopened; blood-stained fluid and clot removed, without benefit. Death 9 years after hemispherectomy.
Pathology
Outside the C.N.S. the findings were l. extensive naevi of the left side of the face and scalp, and both sides of ~he trunk, 2. left-sided hemiatrophy, 3. an angioma of the thymus, 4. chronic cystitis, and 5. terminal bronchopneumonia.
Central Nervous System. Gross Findings. Underlying the dura on the left side was a fibrous membrane attached 4o the medial surface of the right cerebral hemisphere continuous, via the dilated foramen of ~unro, with the right lateral ventricle. The brain weighed 670 g; the hind brain alone weighed 100 g. Of the left cerebral hemisphere only the shrivelled remains of the uncus, hippocampal gyrus and hypothalamus could be identified. On the right, the lateral ventricle was grossly dilated. The pin showed some brown staining on the undersurface, and widespread black stippling due to melanosis. The lining of the ventricle was dark brown, with patches of black. The choroid plexus was stained brown and black. The walls of the anterior part of the third ventricle were fused, and on coronal slicing showed as a dark streak. There was total degeneration of the corpus callosum, septum lucidum and anterior commissure. The right fornix was atrophic, with gross shrinkage of the hippocampus, fimbria and mammillary body.
In the brainstem, there was gross atrophy of the left cerebral peduncle and pyramid. The aqueduct was blocked by firm brown tissue. The fourth ventricle was small, with patent exit foramina. Its walls, and the choroid plexus, were rusty brown. The leptomeninges were brown, but not grossly ~hiekened. On section there was brown staining of both the pial and ependymal surfaces of the brainstem to a depth of about 2 ram. In the cerebellum there was superficial brown staining of all surfaces (Fig. 1 ) and the white matter of the left hemisphere contained some abnormal dilated veins. The right hemisphere was atrophic.
The spinal cord showed brown staining of the leptomeninges and of the subpial cord tissues to a depth of 2 mm. The nerve roots were not stained; but when the root sheaths were slit longitudinally, brown staining was seen in the connective tissue just proximal to the root ganglia.
Histology o/ Cas~s 1 to 4 Ventrieular System. The cavity membrane had the character of a chronic subdural membrane consisting of granulation tissue, with well-formed vessels, and deposits of iron pigment. The membrane continued onto the walls of the opposite lateral ventricle, which showed, from within outwards; a) A layer of fibrous connective tissue, continuous with the membrane. b) A variable thickness of fibroglia, with well-formed vessels. At many points, there were dense accumulations of haemosiderin around a vessel, with focal proliferation of granulation tissue, and many lymphocytes, e) Buried ependyma, and ependymM canalieuli, d) SubependymM glia. e) Brain tissue, which did not contain haemosiderin.
In eases 1 and 3, this abnormal lining continued through the aqueduct to the dilated fourth ventricle, where the exit foramina were blocked by proliferation of glial and fibrous tissue. In eases 3 and 4, the aqueduct was plugged by a mass of fibrous tissue. In these the fourth ventricle was of normal size, but showed a severe granular ependymitis. There were heavy siderin deposits in the epithelial cells of the choroid plexus of the lateral and fourth ventricles.
Leptomeninges. At the base of the brain and around the spinal cord, the meninges were thickened, and contained haemosiderin, mainly in the form of coarse granules, about 10 ~z in diameter. These changes were not seen over the cerebral convexity. In ease 4, there was a generalised melanosis of the meninges, the pigment lying in branched melanophores or in dense masses in cerebral sulci.
Remaining Cerebral Hemisphere. There was considerable loss of central white matter, and the corpus callosum was totally degenerate. At the base, subpial siderosis extended less than 1 mm from the surface.
Brainstem and Spinal Cord. On the side of operation, the cerebral peduncle, descending pontine bundles and pyramid showed total degeneration, continuing into the crossed pyramidal tract. Subpial siderosis extended 1--3 mm inwards, being most intense in cases 1 and 3 (Fig.2a, b) . There was heavy siderosis of the proximal (glial) segments of cranial and spinal nerve roots, but the peripheral (Schwann-celled) segments were hardly affected. There were deposits of siderin in root sheaths.
Cerebellum. Apart from the changes of haemosiderosis, described below, all four cases showed relative smallness of the cerebellar hemisphere opposite the excised cerebral hemisphere. In cases 2 and 3 there was a simple hypoplasia of the crossed cerebellar hemisphere, a b Fig. 2 as described by NOI~MAN (1963) . In eases 1 and 4, there was gross degeneration of the major part of the cortex of the affected hemisphere ( Fig. 1 ) ("eerebro-eerebellar atrophy", 7NORMA~, 1963) , associated with cell loss in the contralateral inferior olive.
Distribution o/ Subpial Haemosiderin. Specific staining, using Perl's Prussian Blue reaction ( Fig. 3) , showed haemosiderin a) in coarse granules, similar to those in the meninges, presumably derived from phagocytes; b) as a fine dust on the surfaces of astroeytes and their processes; e) as faintly-staining granules in round or ovoid non-nucleated masses which measured 20--30 # in diameter; d) as faint blue lines or rings marking the position of myelin sheaths. These features were most marked in the brainstem and spinal cord. They were most marked in cases i and 3, in which the period of clinical deterioration was more protracted than in the others. Siderosis in the cerebellar cortex showed special features (Fig.4) . In areas unaffected by cortical atrophy, there was selective destruction of the exposed crowns of the folia, underlying siderotic pia and arachnoid. Purkinj6 and granule cells in these areas had disappeared, and the molecular and granular layers contained numerous coarse phagocytic deposits of siderin.
In areas of cortical atrophy, in cases 1 and 4, the picture was quite different. There was no tissue destruction, and little or no phagocytosis. Siderin was seen in the form of fine granules attached to Bergmann glia cells and deeper-lying astrocytes.
Case 5. E.tr (A. 2671). Male. Age at death ,54 years.
Aged 41, had three subarachnoid haemorrhages, confirmed by lumbar puncture, within two weeks. Angiography showed a large anterior communicating aneurysm, which was exposed and packed with muscle. Aged 51, had a sudden left hemiplegia, which largely resolved. Lumbar fluid at that time contained 8 cells per cu. mm and 260 mg of protein per 100 ml. 
The brain weighed 1380 g. Externally, there was thickening and diffuse brown staining of the basal leptomeningcs over the gyri recti, optic chiasm, hypothMamus, the lips of the J . T . HUGI~S, and D. R. OPPEnHEImER:
Sylvian fissures, and the whole surface of the brainstem and cerebellum. On coronal slicing, there was an ovoid aneurysm, 3 • 2 1 5 cm, projecting upwards from the anterior communicating artery into the left lateral ventricle, and displacing the septum lucidum to the right. The whole ventricular system was dilated, with yellow-stained walls.
Discoloration was most marked in the neighbourhood of the aneurysm, where the inferior part of the cingulate cortex was destroyed. The aneurysm contained a mixture of old, organised thrombus and more recent haemorrhage from its left side, resulting in a haematoma 1 cm in diameter in the head of the left caudate nucleus. There was also an old haemorrhage, unconnected with the aneurysm, in the right corpus striatum, with heavy iron deposition. The choroid plexus of the lateral and fourth ventricles was deeply stained. In the brainstem, staining extended about 1/2 ram. inwards from the pia. The cerebellar surface showed staining, with destruction of many of the exposed crowns of folia. The spinal dura was normal externally, but was firmly attached to the araehnoid at all levels by a layer of greyish-brown granulation tissue. The nerve roots were closely bound to the cord by connective tissue, but in the cauda equina the roots were free, and hardly diseoloured. The cord on section showed a narrow subpial zone of staining at all levels.
Histology
The aneurysm consisted of a thin wall of fibrous tissue, filled with organised thrombus.
The adjacent haematoma in the left caudate nucleus was enclosed in a thin fibrous capsule, continuous with the wall of the aneurysm. The surrounding nervous tissue and meninges contained abundant siderin phagocytes and local accumulations of bilirubin.
Ventricular System. All parts of the ventricular system showed a moderate degree of granular ependymitis, with siderin phagocytes and iron-stippled astroeytes. There was siderin in choroid plexus epithelium in the lateral and fourth ventricles.
Leptomeninges. In areas of visible yellow staining, these showed the same features as the previous cases; in addition, there were local accumulations of bilirubin, partly intracellular. The granulation tissue lying between the spinal arachnoid and dura likewise contained abundant siderin phagocytes and casts, and accumulations of bilirubin. The appearance here suggested an organised subdural haematoma extending throughout the cord.
Subpial Tissues. All the features of siderosis were present in this case in lesser degree.
These included siderosis of the glial segments of cranial and spinal nerves, and erosion of exposed crowns of cerebellar folia. Ovoid bodies were present, but fewer, and there were relatively more astrocytes showing a fine incrustation of siderin granules.
The lesion in the right lentiform nucleus showed the usual features of an old slit haemorrhage, with numerous siderin deposits. In the surrounding zone of astrocytic gliosis, eosinophilic ovoid bodies were present exactly similar to those in the subpial siderotic zone.
Case 6, C.~. (A. 2250) . Male. Age at death, 50. Heavy drinker.
Syphilis aged 30. 9 months before death, following a few months of headache and personality change, sudden vomiting, stupor and incontinence, with neck stiffness. Lumbar fluid bloody, with yellow supernatant. Some improvement, but 2 weeks later had a sudden left hemiparesis. Showed gross meningism and bilateral papilloedema. B.P. 160/90. l~ight carotid angiography: aneurysm arising from middle cerebal artery, avascular mass in frontal lobe. Evacuation of large right frontal haematoma, followed by some improvement; then a sudden collapse, with evidence of severe brain swelling. Survived this, but thereafter deteriorated and died eight months later.
Pathology
The brain weighed 1125 g. There was moderate thickening and yellow staining of the leptomenlnges at the base and over the convexities. There was a bilocular aneurysm, over 1 cm in diameter, arising from the right middle cerebral artery 21/2 cm from its origin, with tissue destruction and brown staining of the walls of the Sylvian fissure distal to the aneurysm. On horizontal slicing, there was a massive old haemorrhagic infarct extending laterally from the head of the right caudate nucleus to the inferior frontal gyrus, with smaller cortical infarcts involving the posterior part of the right cingulate gyrus and the medial surface of the left parietal lobe. The ventricnlar system was dilated without mural staining.
Histology Ventrieular System. The walls of the lateral and third ventricles and aqueduct appeared normal. The fourth ventricle showed mild granular ependymitis, with siderin deposition in the epithelium of the choroid plexus.
Leptomeninges. Apart from the area of deep staining in the neighbourhood of the aneurysm, there was a generalised moderate infiltration of the leptomeninges by siderin phagocytes and casts. This was present over the cerebrum, brainstem, upper spinal cord and cerebellum.
Cerebral Hemispheres. The large and small areas of cerebral infarction showed changes compatible with 9-month-old lesions. Subpial siderosis was present, but to a very mild degree, over the convexities, and consisted mainly of siderin incrustations on the bodies of astrocytes.
The surfaces of the brainstem and upper spina~ cord showed mild subpial siderosis, mainly in the form of encrusted astrocytes. Siderin phagocytes and ovoid bodies were present, but scanty. The cranial nerve roots, as before, were affected only in their proximal (glial) segments.
Cerebellum. There was some erosion of exposed cerebellar crowns, with loss of Purkinj6 and granule cells. Siderin incrustations were seen on Bergmann glia cells, even in the absence of siderin in the molecular layer.
Case 7. H.B. (N. 1976) . Male. Age at death 57 years. Clinical. Tabes dorsMis diagnosed and treated at age 34. Recurrent gastric crises, ataxia, and lightning pains in legs and abdomen. Physical signs included pupillary changes, nystagmus, tendon areflexia, anosmia and widespread sensory loss. Aged 42, bilateral cordotomy at T4 segmental level, when the spinal cord was not observed to be discoloured. Lumbar fluid unremarkable. Several years later became more ataxic, with bilateral deafness and increasingly severe pains in head and trunk. Died following recurrent haematemeses.
The cause of death was a massive pulmonary embolism. Two bleeding peptic ulcers in stomach. Bilateral pyelonephritis.
The brain showed slight convolutional atrophy, with thickening and brown discoloration of the leptomeninges at the base. On coronal slicing, the superficial parts of the base of the brain, particularly the region around the optic chiasm and olfactory tracts, were stained brownish-yellow to a depth of 1--2 ram, and this discoloration was also seen in the lining of the third and fourth ventricles. The brainstem showed superficial rusty-yellowish discoloration to a depth of 1--2 mm. The cerebellum showed superficial replacement of the grey matter of the folia by yellowpigmented tissue {Fig. 5). The spinal cord was enveloped in thickened arachnoid, which was united to the pia by a cobweb of fibres. The cord itself was atrophied, and its peripheral region was discoloured yellow-brown. The posterior columns were stained even darker than the rest, and there was some brownish staining of the grey matter in the lumbo-sacral region. In the region of the upper thoracic cordotomy operation the cord was bound to the meninges posteriorly and laterally by dense adhesions.
Histology Ventricular System. There was siderin in the epithelium of the choroid plexus in the fourth ventricle, which showed granular ependymitis.
The leptomeninges over the convexities of the cerebral hemispheres were normal, but at the base of the brain, around the cerebellum, and to a lesser degree around the brainstem Fig. 6 . Case 7. Vermis of cerebellum. H.-E., • 10 they were thickened by many layers of aeellular connective tissue interspersed with coarse deposits of siderin, either free or within phagocytes.
Cerebrum. The undersurfaces of the frontal and temporal lobes, particularly in the region of optic ehiasm, showed mild gliosis and siderin deposition to a depth of about 0.5 mm. Some of the iron was extracellular, but much was within the astrocyte cell bodies in the gliotie regions, and often appeared to encrust the astroeyte processes. The optic ehiasm and tracts, and the neighbouring parts of the hypothalamus, were markedly affected by gliosis and siderin deposition.
Cerebellum. All the sections from the cerebellum showed degeneration of the superficial parts of the eerebellar folia, with gliosis and siderin deposition. The damage increased as one proceeded medially and was most intense in the region of the vermis, where it had destroyed a zone 2 to 3 mm wide (Fig. 6) . The destruction here was more intense than in any other part of the nervous system, and unlike anything seen in the cerebellum of the other eight cases.
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Brainstem. Lesser degrees of siderosis were seen around the pons and medulla. The most heavily pigmented region was the tectum. This localisation, together with the damage seen in the superior vermis, suggested a source of haemorrhage in this region. Born with occipital meningocele. Ventriculography at 3 months showed hydrocephalus due to aqueduct stenosis. Meningocele excised; Torkildsen's operation performed. Later, this ceased to function, but no further surgery was attempted. The head steadily increased in size (circumference 70 cm at time of death.) Development very retarded; spoke a few words, but could not sit or stand. Epileptic fits from age of 9 onwards. Increasing scoliosis, with deformities of limbs and trunk. Frequent respiratory infections, of which he eventually died.
The Spinal Cord

Pathology
Multiple skeletal deformities. Bones of cranium thin and brittle. No meningocele, no spina bifida or Chiari deformity. Cause of death, bronchopneumonia.
Brain. (1360 g; hind brain alone 160 g.) The lateral and third ventricles were enormously expanded. The septum lucidum and fornix had disappeared, and the corpus callosum had degenerated. There were irregular cavities on both sides, extending upwards from the inferior horns and separating the cortex from the central white matter and basal ganglia. The walls of these cavities, and of the whole ventricular system, were stained a uniform light brown, without local accentuations. The third ventricle was bulging downwards into the rectum, ending blindly in a thin membrane separating it from the fourth ventricle, which was moderately dilated, with patent foramina.
There was superficial brown staining of the under surfaces of the cerebrum, cerebellum and brainstem. The spinal cord was likewise discoloured, but not the nerve roots.
Histology Ventricular System. The lateral ventricles were lined with glial tissue, which showed diffuse iron-staining to a depth of about 1/2 mm with fine incrustation of astrocytcs, but only occasional siderin phagocytes. Siderin was present in the choroid plexus epithelium. The third ventricle showed granular ependymitis, with diffuse siderosis. At the lower end of its prolongation into the rectum, the staining became more intense, with numerous siderin phagocytes. Dorsal to this, there were many irregular ependymal canals, embedded in dense glial tissue. Many of these canals were packed with siderin phagocytes or casts, and some contained fresh blood (Fig. 7) . It was clear that intermittent bleeding had occurred in this area, which contained the remains of the malformed aqueduct. The fourth ventricle showed mild granular ependymitis, with siderosis. The choroid plexus epithelium was heavily loaded with siderin.
Leptomeninges. In discoloured areas, there were scattered siderin phagocytes and occasional depositis of bilirubin. These changes were most marked in the region of the cisterna magna.
Brainstem and Spinal Cord. Subpial siderosis extended up to 1/2 cm inwards, in the form of siderin phagocytes and encrusted astrocytes. There was no conspicuous gliosis or loss of myelin at the periphery. In the nerve roots, siderosis was confined to the glial segments, but there was heavy siderin deposition in root sheaths. A lumbar spinal ganglion showed degenerative changes in ganglion cells, and some loss of posterior root fibres.
Cerebellum. On the undersurface, and especially around the cisterna magna, there was siderotic erosion of the exposed crowns of cerebellar folia, with loss of cortical nerve cells and heavy incrustation of Bergmann glia cells. There were siderin phagocytes and casts, but no typical ovoid bodies, in the molecular layer. Clinical. Birth and early development normal. Aged 6 weeks, acute illness, with generalised convulsions. Found to be grossly anaemic. Lumbar fluid contained blood, with 260 white cells per cu.mm, mostly lymphocytes. Initial recovery was good, but there were further convulsions, and at 5 months the child was sickly, with an enlarged craninm, a bulging fontanelle, and a fracture of the right parietal bone. Lumbar fluid yellow, with protein of over 1 g per 100 ml. Similar fluid was obtained from the head by subdural puncture on both sides. Burr-holes showed well-formed subdural membranes on both sides, and air replacement showed very large subdural cavities overlying shrunken cerebral hemispheres. Rightsided craniotomy. Membrane excised. This was repeated on the left a few weeks later; but after the second operation the child went into circulatory failure and died. I t was noted at operation t h a t the falx cerebri had retracted from the hem!spheres, and that the "bridging" veins running to the sagittal sinuses had disappeared. 
The cranium was expanded and thin, and there were very large subdural cavities on both sides, with the remains of subdural membranes at the base, and a newly-formed membrane over the convexity on the right side. The superior "bridging" veins were absent. The brain showed universal light brown staining. Weight 760 g; hind brain alone, 90 g. On slicing, it showed severe damage to both hemispheres. The lesions consisted in cavitation of the white matter of the frontal, parietal and temporal lobes on both sides. The most destructive lesions were in the superior temporal gyri, where the overlying cortex had been reduced to a membrane. A lesser degree of cortical shrivelling was seen in the right parietal, occipital and posterior temporal regions. The cavities communicated with the lateral ventricles, which showed compensatory dilatation. There was a little brown staining of the walls of some of the cavities, but no generalised discoloration of the ventricular wails. The optic nerves were small and grey, and were embedded in thickened, brown-stained leptomeninges.
Histology
Dura and Subdural Membranes. On the right, there was a layer of blood-stained extradural granulation tissue underlying the bone flap. The subdural membranes consisted of several layers of fibrous and granulation tissue, the outer layer being closely attached to the dura. Between these layers, there were rows of coarse siderin granules, and in places there was recent interstitial haemorrhage.
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The Leptomeninges showed a diffuse spattering, more intense at the base, with siderin phagocytes.
Ventricular System. There was granular ependymitis, with subependymal gliosis, throughout. The epithelium of all parts of the choroid plexus showed heavy siderin deposition, but very little pigment was seen in the ventricular walls.
Cerebral Hemispheres. There were areas of cortical necrosis both at the edges of some of the cavities in the white matter and in parasagittal areas, apparently at the site of ruptured "bridging" veins. These areas were heavily infiltrated with siderin granules. Elsewhere, the cortex looked normal, with only slight subpial sidcrosis, extending up to 100/~ inwards. There were no ovoid bodies. There was severe cell loss in the Sommer sector of the hippocampus on both sides; and the dorsomedial thalamic nuclei on both sides also showed cell loss, presumably retrograde. The cavities in the white matter, described above, were lined by fibroglia, with local fibrous scarring and clusters of siderin phagocytes. The appearances were consistent with long-standing venous infarction.
Brainstem. The nervous tissue appeared intact, and there was no obvious descending tract degeneration. Subpial siderosis was seen on all surfaces, to a depth of about 200 #, mostly in the form of a fine granular dust on the surface of swollen-bodied astrocytes. Again no ovoid bodies were seen.
Cerebellum. The superficial granular layer was still present. There was subpial siderosis of the exposed crowns of some folia on the upper and lower surfaces, with tissue destruction penetrating to the granular layer proper, and siderin granules coating swollen astrocytcs and Bergmann glia cells.
The Spinal Cord was intact, apart from slight myelin loss at the periphery. There was some siderosis of the leptomeninges, but little subpial siderosis.
Nerve Roots. One or two cranial nerve roots were seen to contain siderin granules in the proximal (glial) segment but not beyond.
Summary o/Pathological Findings
The primary diseases in these nine cases are various; but the features of superficial siderosis are consistent from case to case, varying only in intensity and distribution. In all but two cases (7 and 8), there was a demonstrable source of intraventrieular or subarachnoid haemorrhage; and the distribution of the siderosis--in particular, the involvement or non-involvement of the ventrieular system--was clearly related to the source of haemorrhage, when this was known. In cases 7 and 8, the findings strongly suggested a source of bleeding in the cerebellar vermis and the aqueduct, respectively. The intensity of siderosis in different sites is shown in Table 3 .
Discussion
Nomenclature. In some of the earlier reports, the term "haemochromatosis" was applied to the condition we are discussing. This term has been rejected by later writers, as the condition clearly has no affinity with that of bronzed diabetes (I~os]~THAL, 1958; L]~WIS and D~RZA, 1963). If the term "haemosiderosis" or "siderosis" is used, it must be made clear that it differs from systemic haemosiderosis, due to overloading of the blood stream with the breakdown products of blood. Pathologically, this results in the deposition of haemosiderin in the epithelium of the choroid plexus, and in the area postrema and tuber cinereum, but not in the meninges or subpial tissues. NO~ETZEL and OHLM~I~g (1963) found that superficial siderosis could be readily produced in cats by repeated subarachnoid injections of iron-containing substances, but never by intravenous injections, which rendered the cats grossly hypersideraemic. For the present,
confusion should be avoided by attaching the qualification "superficial" or "marginal" to the type of siderosis we are discussing.
The Source o/ Iron Pigment. NOETZEL (1940) believed that subarachnoid blood was the source of iron pigment in superficial siderosis, and most of the later authors have agreed with him. The present evidence for this view is 1. that in about half the reported cases a source of bleeding has been found at necropsy, and 2. that the condition has been exactly reproduced in dogs (IwAz~OWSKY and OLSZ~WSKY, 1960) cats (NO~TZ~L and OHLM~In~, 1963) and rabbits (JXzclSCg and WEiss, 1964) by repeated subaraehnoid injections of whole blood, haemolysate and iron-containing chemicals. Thus the question is not whether haemorrhage can cause siderosis but whether it is the only cause. ROS~NT~AL (1958) believed that it is not. He separated the published cases into two groups; one in which a source of bleeding could be demonstrated, and another, in which no such source could be found. For the latter, he devised the term "Primary Marginal Siderosis", and accounted for the condition in terms of two factors : an increased permeability of meningeal arteries, and a lack of iron-binding protein in the C.S.F. Even in cases where a source of haemorrhage is found, he considered that extra factors of this kind were required if superficial siderosis were to occur. His arguments, we think, are open to several objections. First, he was unable to produce direct evidence of the reality of his postulated factors: second, he did not allow for the different effects of repeated dribbling haemorrhages from those of sudden massive haemorrhages, as from a ruptured aneurysm: and third, he was too ready to accept a pathologist's failure to demonstrate a source of bleeding as evidence that there was no such source. The problems of the pathogenesis of superficial siderosis have recently been clearly stated by CAST~G~ st al. (1967) , and we have little to add to what they say. For the present, the most economical hypothesis is that all cases of superficial siderosis have suffered from repeated haemorrhages, whether or not the pathologist has been able to identify the source of bleeding. In cases such as our case 8, and the closely similar cases of L~wEY and Govo~s (1942 ), N~uMA~ (1948 ), and CASTAmN~ et al. (1967 , where there is a clearly defined area (the cerebellar vermis) of maximum siderosis and tissue destruction, it is reasonable to suppose that bleeding occurred in this area, whatever its cause may have been.
Histological Features o~ Super/icial Siderosis
If we leave out of account changes due to the primary disease, the effects of haemosiderosis are remarkably constant from case to case, and can be classified according to the tissue involved, thus:
1. Leptomeninges. In the affected regions, there is fibrous thickening, and there are coarse, irregular deposits of siderin, up to 10 ix in diameter. Some of these deposits are contained in phagocytes; the rest have the appearances of phagocytic "casts". Where there is heavy siderosis, one sees fine granules of siderin infiltrating the walls of pial arteries and veins of all sizes. In other respects these vessels appear normal. 2. Glial Reactions. In cases with a short history, there is multiplication of microglia, and swollen-bodied astrocytes are seen in the subpial tissue. These cells, and their processes, are coated with a fine siderin dust. Changes in oligodendroglia are hard to detect; but in one ease, we observed structures with the contours of oligodendrocytes heavily impregnated with iron. ("Ferruginated" nerve cells, such as are commonly seen in old cortical infarcts, are exceedingly rare in this material.) Siderin phagocytes, and phagocytic casts resembling those in the meninges, are abundant in the infiltrated subpial tissue and Virchow-Robin spaces.
3. Ovoid Bodies. I~ounded eosinophilie bodies, 20--30 ~ in diameter, have been observed in the siderotie zones in m a n y previously reported eases. I n our series, these bodies were abundant in eases 1 to 5, less so in 6 and 7, and absent in 8 and 9--i.e. their frequency was proportional to the severity of the siderosis. Regarding their origin, there have been different views. I f one assumes that they are all of similar nature and origin, they are certainly not derived from neurone bodies, as they are found in places (for instance, the erus cerebri) where no nerve cells exist. Against the theory ( S s~T~L~G~, 1964; KOTT et al., 1966) that they originate in degenerate axis cylinders, we would mention two personal observations : first, that these bodies are seen in the glial nodules of granular ependymitis, where one would not expect to find nerve fibres; second, that from time to time one sees the shadowy remains of a nucleus inside the "body", indicating an origin from some kind of cell. An origin in phagocytes is somewhat unlikely, as the bodies are never seen in leptomeninges, where siderin phagocytes are plentiful. I n fact, we agree with J a c o s and GOACtIET (1959) , who claimed to have demonstrated a continuous series of transitions from reactive astroeytes, stippled with iron pigment, through various stages of nuclear degeneration and swelling and rounding-off of cytoplasm, to the typical ovoid bodies. To this we would add the observation of ovoid bodies apparently giving origin to coarse gfial fibres running to the border of a pial vessel (Fig. 8 ).
However they originate, ovoid bodies are not peculiar to superficial siderosis. They can be seen, for instance, in the neighbourhood of old intraeerebral haemorrhages of the common type.
Myelin Sheaths.
There is a tendency for myelinated fibres in the affected zones to degenerate. In Prussian Blue preparations, myelin sheaths in transverse section are seen as pale blue rings; and in electron micrographs, granules of dense material are seen lying between laminae of myelin. We cannot be sure whether this infiltration occurred during life, or as a result of diffusion during fixation.
5. Nerve Cells. Apart from the cerebellar cortex, nerve cells are well preserved even in areas of dense siderosis (Fig. 3) , and there is very little sign even of superficial coating with siderin granules.
6. Cerebellar Cortex. At the exposed crowns of cerebellar folia, especially at the base, the leptomeninges are siderotic, and the molecular and granular layers are heavily infiltrated with siderin phagocytes and ovoid bodies. Purkinje and granule cells are destroyed, and in case 9, in which the external granular layer persisted, it too was destroyed. This selective destruction is the most characteristic feature of superficial siderosis. It has been exactly reproduced experimentally.
Ependyma and Choroid Plexus.
The ependyma reacts, in the first instance, with a so-called granular ependymitis. Siderin granules are deposited on the subependymal glial cells. The epithelial cells of the ehoroid plexus show heavy siderin deposition, but the connective tissue is not infiltrated. These changes go hand in hand, and vary from case to ease. They arc clearly related to the source of bleeding. In cases 6 and 7, with a probably external source of bleeding, the fourth ventricle was affected, but not the lateral or third ventricles. In cases 1 to 4, where the bleeding had occurred in the hemispherectomy cavities and in the ventricles themselves, the changes in the ventricular wails are more intense than anything previously described. A feature peculiar to these cases is the layer of fibrous tissue covering the glial carpet. This may have been formed locally by fibroblasts derived from vessels; more probably the fibroblasts have migrated into the ventricnlar system from the lining of the cavity membrane.
Cranial and Spinal Nerve Roots.
There is a marked difference between the proximal (glial) and the distal (Schwann-eelled) segments of nerve roots. The former tend to be heavily impregnated with siderin, the latter little or not at all.
Clinical Aspects. In so far as the clinical effects of superficial siderosis can be disentangled from those of the primary disease, the principal symptoms consist in headache, pain in the back and legs, vomiting, progressive weakness and unsteadiness, mental deterioration and sometimes deafness. The cardinal sign, which may long antedate the neurological deficits, is the finding of a yellow cerebrospinal fluid, rich in protein. This, we maintain, is the picture of chronic subarachnoid hacmorrhage. If it can be recognised before disabling neurological damage has occurred, a remediable lesion may be discovered. Repeated dribbling haemorrhage may be of venous or capillary origin; thus the finding of a yellow, protein-rich spinal fluid should be followed by a search for angiographic evidence of venous obstruction and arteriovenous malformations, as well as for unsuspected turnouts and aneurysms. The clinical problem in the special case of hemisphereetomised patients has been discussed elsewhere (O~'PE~]tE~] ~R and GRI~FITH, 1966 Addendum. Since the preparation of this paper, we have examined the brain of a boy who died aged 18, six years after a left hemispherectomy for epilepsy. Recurrent bleeding into the cavity was observed during life. Post mortem, there was a severe granular cpendymitis, which had resulted in closure of the third ventricle and aqueduct. There was haemosiderosis of the right lateral ventricle (which communicated with the cavity), as in cases 1 to 4; but no siderosis of the fourth ventricle or subpial tissues. It would appear from this that granular epcndymitis, as a reaction to intraventricular blood, may occur before siderosis develops.
